The present investigation evaluates the neuroprotective effect of chlorogenic acid (CA) in alcohol-induced brain damage in neonatal rats. Ethanol (12 % v/v, 5 g/kg) was administered orally in the wistar rat pups on postnatal days (PD) 7-9. Chlorogenic acid (100 and 200 mg/kg, p.o.) was administered continuously from PD 6 to 28. Cognitive function was estimated by Morris water maze (MWM) test. However, activity of acetylcholinesterase, inflammatory mediators, parameters of oxidative stress and activity of caspase-3 enzyme was estimated in the tissue homogenate of cerebral cortex and hippocampus of ethanol-exposed pups. It has been observed that treatment with CA attenuates the altered cognitive function in ethanol-exposed pups. There was a significant decrease in the activity of acetylcholinesterase in the CA treated group compared to the negative control group. However, treatment with CA significantly ameliorates the increased oxidative stress and concentration of inflammatory mediators in the brain tissues of ethanol-exposed pups. Activity of caspase-3 enzyme was also found significantly decreased in the CA treated group compared to the negative control group. The present study concludes that CA attenuates the neuronal damage induced in alcohol exposed neonatal rat by decreasing the apoptosis of neuronal cells.
Introduction
In pregnancy, chronical consumption of alcohol produces adverse effects on the brain of the foetus, such as abnormalities in social and executive functioning, motor skill, defect in memory, learning and general intelligence [1] . Foetal alcohol spectrum disorder (FASD) is a broad terminology in which prenatal exposure to alcohol results in growth retardation and neurological defects [2] . Literature data suggest that a huge burden of cost is required to care the patient suffering from FASD-associated mental retardation [3] . Exposure to alcohol alters the development of brain by interfering in cellular, neurochemical and molecular events in the foetus [4] . Several regions in the brain are susceptible to alcohol, such as cerebellum, hipocampus and the neocortex. These areas are associated with behavioural deficit [5] . Fate of alcohol suggest that it is metabolised into acetaldehyde first, which leads to generate the free radicals and it also decreases the expressions of antioxidant enzymes [6] .
Literature indicates that oxidative stress induced due to alcohol consumption damages neuronal cells by activating necrosis and apoptosis pathways [7, 8] . Proper management of FASD requires different strategy and, in the recent time, alternative medicine has shown potential for the management of it.
Chlorogenic acid is a phenolic compound present in several herbal plants, such as blueberries, apple and coffee viz [9] . Reported studies suggest that CA inhibits the growth of bacteria and reduces the chances of chemicalinduced cancers [10, 11] . In addition to it, CA has shown an anti-inflammatory activity by inhibiting the inflammatory cytokines, such as TNF-α, IFN-γ, IL-1β and NF-kB [12] [13] [14] . However, it has also shown to possess a strong antioxidant property by reducing the generation of reactive oxygen species.
Thus, an effort was made to evaluate the neuroprotective effect of CA on alcoholinduced brain damage in neonatal rat. 
Material and method

Tissue prepration
All the animals were sacrificed by cervical dislocation and brain from all the pups were 
Estimation of markers of oxidative stress
Estimation of cytokines
Enzyme-linked immunosorbent assay ELISA kit was used for the determination of cytokines (IL1β and TNFα) in the cytosolic fraction of brain tissues of alcohol-induced brain damage in neonatal rats. The procedure was used as per the instruction given in the individual kit.
Estimation of NF-kB p65 unit
Levels of NF-kB p65 were estimated by using ELISA kit in the nuclear fraction of brain tissue.
ELISA plate reader was used for the detection of change in the color at 405 nm.
Estimation of activity of Caspase-3
Caspase-specific peptide was added to the tissue homogenate for the estimation of activity of protease enzyme. These peptides were conjugated with p-nitroanaline which acts as an indicator. Activity of caspase-3 enzyme was depending on the cleavage of p-nitroanaline by caspase-3 and the change in the colour was detected at 405 nm due to release of p-nitroanaline from the substrate.
Statistical analysis
All data were expressed as means ± SD (n = 6).
The statistical analysis was performed using one-way ANOVA. Post-hoc comparison of 
Effect of chlorogenic acid on cytokines
Effect of chlorogenic acid on inflammatory cytokines, such as TNF-α and IL-1β in the brain tissues, including the cerebral cortex and hippocampus, of alcohol-induced brain damage in neonatal rat was shown in Fig. 3 .
It was observed that levels of TNF-α and IL-1β
were significantly increased in the brain tissues of the negative control group of rats compared to the control group. However, altered levels of TNF-α and IL-1β were attenuated in the CA treated group of rats compared to the negative control group in a dose dependent manner. trimester or first few weeks of postnatal period induces the apoptosis of neuronal cells [15] .
Effect of chlorogenic acid on NF-kB
Due to which brain function get altered in these rats after the maturation. In this study, alcohol was given to rats between PD 7 and9,showing a significant alteration in the cognitive function in rats.
Literature data reveal that antioxidant drugs have the potential to attenuate the cognitive functions, such as learning and memory in several chronic conditions too [16] . Data of our study represent that treatment with CA significantly improves the cognitive function in alcohol-induced brain injury in neonatal rats.
Apoptosis in neuronal cells has been reported to be attenuated by acetylcholine as it stimulates the muscarinic receptor and thereby enhances the proliferation glial cells [17] . Exposure to alcohol decreases the neuronal cells which leads to disturbance of cognitive function [18] . Result of our study shows that treatment with CA decreases the activity of acetylcholineesterase in the brain cells. Our study supports these findings.
Moreover, consumption of alcohol chronically stimulates the inflammation by enhancing the inflammatory cytokines in the brain cells [19] .
In this investigation, elevated levels of TNF-α and IL-1β were attenuated with CA treatment in alcohol-induced brain injury neonatal rat model. In addition to it, levels of NF-kB and activity of caspase-3 enzyme were found to be increased in the brain tissues of alcohol treated rats, thereby activating the pathway of apoptosis and damaging neuronal cells.
Literature suggested that chronic expose of alcohol generates oxidative stress, which in turn activates NF-kB, responsible for the fragmentation of DNA in the neuronal cells [20] . CA treated group showed significant decrease in the levels of NF-kB and activity of caspase-3 and, thus, having protective effects on neuronal cells.
Conclusion
The present study concludes that CA attenuates the neuronal damage induced in alcohol exposed neonatal rat by decreasing the apoptosis of neuronal cells. Our data demonstrates that apoptosis was decreased in the CA treated rats on the basis of its antiinflammatory and antioxidant property. 
